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Synopsis 


Original scientifiegpaper - Original’noe nauénoe svobséeniv 


The effects of soil arthropods on leat litter breakdown were estimated im field experiments 
utilizing naphthalene to reduce or exclude arthropod populations. Weight loss and radioactive 
cesium loss by decaying oak leaf litter were measured with litterbag and gravimetrie methods. 
Periodic applications of 100 g of naphthalene per m? reduced arthropod populations to 20% of 
controls, increased bacterial populations on the leaves up to six fold, and tended to reduce microbial 
populations of the sub-soil, but generally did not affect CO, evolution from litter plus soil. Litter 
in treated plots retained about 55% of its weight after one year. compared to 40% in control 
plots. Radiocesium loss rates also were reduced in treated plots. These results are consistent with 
the hypothesis that the gross effects of soil arthropods include fragmentation of leaf litter, thus 
exposing a greater surface area to microbial attack and leaching. 

Влияние почвенных членистоногих на разложение листовой подетилки выявлялось в 
в опытах, проводимых в полевых условиях е применением нафталина для того, чтобы умень- 
шить или полностью исключить понуляции членистоногих. Потеря Beca и распад радниоктив- 
пого цезия при разложении дубового опада определялись с помощью коллекторных мешков 
для подстилки и гравиметрическими методами. Периодическое внесение 100 г нафталина 
на 1 м? вызывало сокращение чиеленноети членистоногих до 20°, по еравнению с контролем. 
повышало численность бактерий на листьях до 6 раз и способствовало сокращению популя- 
ций микробов в глубоких слоях почвы, но не влияло на выделение СО, из подетилки и ночвы. 
Через год подстилка на обработанных участках сохранила примерно 55% своего первона- 
чального веса, по сравнению с 40%, па контрольных участках. Скорость распада радиоактин- 
пого цезия на обработанных участках также уменьшалась. Эти результаты согласуются C 
гипотезой о том, что общее влияние почвенных члениетоногих сказывается и на размельчении 
подстилки, увеличивая таким образом поверхность, доступную для воздействия микроорга- 
пизмов и для выщелачивания. 


1. Introduction 


The release of nutrients and minerals from decaying leaf litter is due to interacting 
activities of various segments of the soil biota. Microbial activities result in Joss of weight 
by the litter, mainly by metabolizing some materials and making others susceptible to 
loss by leaching. Earthworms and other large invertebrates aerate the soil and mix and 
bury organic matter in it thus enhancing leaf litter decomposition by other soil fauna. 
Effects of smaller invertebrates are more difficult to demonstrate even for such abundant 
groups as the collembola and acari. MacFADYEN (1963) and others used gross approxi- 
mations of energy flow in communities of soil animals to try to assess the relative impor- 
tance of various animal groups in the breakdown of dead plant matter. These approxima- 
tions use respiration measurements and calorimetry to give an estimate of the actual 
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consumption of litter or detritus. They do not evaluate the interactions of soil fauna with 
microflora in the decay process. For example, fragmentation of leaf litter by arthropods 
may expose a greater surface for microbial action and leaching. Aeration and mixing of 
organic matter and soil by arthropods may enhance decomposition by microbes. What is 
required is a means for assessing the influence of microarthropods upon parameters 
which reflect the overall functioning of the soil-litter component of the ecosystem. 

In the research reported here the influences of arthropod populations were measured in 
relation to weight losses and radioactive cesium losses by decaying leaf litter. 


2. Materials and Methods 


Experinte tal plots were established т a white oak (Quercus alba L.) stand on the U.S. Atomic 
Energy Comission Reservation at Oak Ridge, Tennessee. Three areas with forest floors of homo- 
geneous appearance were selected. In each area four 1 х 1m plots were delineated and each was 
fence: wiyh chicken wire to minimize movement of surface litter. The experiment was initiated in 
mid-November, 1961, when nap..thalene was applied to some of the plots. In each area one plot 
remainéd untreated and was used as a control; the remaining three plots received 10, 35, or 100 g 
of naphthalene spread evenly over their surfaces. 
~~. Jn addition to the norm 1 autumn leaf drop, 5 litterbags, each 1 dm?, were added to the plots. 
Each li.terbaz contained 2.5 ¢ of leaves collected at the time of leaf drop froma white oak tree 
which had been tagged with cesium-134 ( \Утгневзроох, 1964). Litterbags were made from nylon 
net with a 2 mm mesh, closed with a stainless steel safety pin, and numbered with an aluminium 
tag. 

Each week, one litterbag was taken from each of the 12 plots and measured (intact) in the 
followiag ways: 1) Fresh (wet) weights were obtained. 2) Arthropod populations were extracted on 
Tullgren fuanels at approximat2ly 38°C for a 4-day period. 3) Air dry weights were obtained 
immediately following the Tullgren funnel treatment. 4) Radiocesium content was estimated by 
counting the bags for radioactivity over a scintillation crystal (by the methods described in detail 
by Отзох and Crossiry, 1963). After these measurements, requiring at most 5 days in the labo- 
ratory, the litterbags were returned to the field and replaced at their exact sites of collection in 
the plots. Four of the five litterbags were collected on a 4-week cycle, so that each bag spent 4 or 5 
days of each 4-week period in the laboratory. The fifth bag in each plot was left undisturbed until 
the experiment was terminated one year later, to compare with the bags which had been repeatedly 
measured and returned. 

By mid-January 1962, arthropod populations in plots receiving 100 © naphthalene showed 
partial recovery (Fig. 3) and it became necessary to reapply naphthalene. Thereafter the same 
doses of naphthalene (100, 35, 10, or 0 g) were added at approximately monthly intervals until 
early summer, when weekly or biweekly aplications became necessary. 

When the experiment was ended the empty bags, pins, and aluminium tags were reweighed 
and found to be within 1% of the initial weights. Empty bags showed some radiocativity and 
contained about 10°, as much radiocesium as did the decaying leaves remaining in the bags after 
one year. In all, neither weight nor radiocesium estimates appear to have been biased by measure- 
ments taken on the intact bags. 

Biweekly measurements of soil respiration were made by the inverted box method (Мг vu, 
1966) using three permanently-located boxes per 1 m? plot for two l-hr runs. After the last run 
a 20 ml soil core (23 mm diameter, 50 mm deep) was taken near each box. The top 25 mm and the 
bottom 25 mm of the three cores were mixed separately. Soil suspension slides for direct counts of 
bacteria and fungi were made using 5 g of each mixture. The soil was shaken for 5 min. in 47.5 ml 
of 0.02%, agar. Of the suspension, 0.2 ml was spread on a 2.5- 7.5 em slide. The slides were 
stained with rose bengal (Rossi et. al., 1986). Bacteria and fungal propagules were counted in 
9 fields under ой (970 > ). Fungal mycelium also was assessed, using 28 fields and lower magnifi- 
cation (100 > ), by counting the number of crossings of the mycelium with the lines in an integrating 
eyepiece. An empirical conversion factor was used to translate crossings into mycelium per g of 
soil. Leaf dises, 6 mm diameter, were cut from leaves on the core samples, for direct counts of 
bacteria and fungal mycelium. The dises were bleached with 6°, 1,0, т 2°, ammonia and 
stained with 0.1 °, Chlorazol Black E in lactophenol. Vive fields of each of 8 dises from each plot 
“were examined under oil (970 - ). 

All forest floor litter above soil was collected from the plots when the experiment was terminated 
in mid-October 1962. Pine needles and flowering parts were discarded but all remaining litter was 
included although it unavoidably contained some two-year-old fragments. These total collections 
were air-dried and weighed, then ashed in a muffle furnace at 500°C for 48 hours and reweiehed 
to obtain ash-free weights of litter remaining. 
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Prior to the main experiment a test was made of the effects of paradichlorobenzene, dieldrin, 
chlordane, and naphthalene on the microflora of the litter in a mixed stand with red maple (Acer 
rubrum L.) white oak (Quercus alba L.) and pine (Pinus virginiana Мил,.). Each of triplicate plots 
of 1 m? received 100 g of one of the insecticides. Before and one week after application evolution 
of CO, was measured for three one-hour periods. One week after application fungal density and 
mycelium growth were measured by the techniques used in the main experiment and compared 
with results from untreated control plots. 


3. Results 
3.0. General remarks 

One week after application. CO, evolution had increased by 3% in the plots with 
dieldrin; 6% with para-dichlorobenzene; and 14°, with chlordane. Naphthalene reduced 
CO, evolution by 5°,. Insecticides in the same order increased fungal density by 103°. 
48%, 39% and 38%; and they reduced mycelium growth by 22°. 21°,. 21°). and 9°, 
respectively. All data are relative to untreated control plots. 

These results indicated less effect by naphthalene on fungal counts and mycelium 
growth than by the other insecticides. All insecticides had less effect on CO. evolution than 
on mycelium growth but only naphthalene reduced respiration. Therefore. naphthalene 
was chosen as the insecticide for the main experiment. 


3.1. Litterbag estimates of weight and radiocesium loss 

The weekly measurements of litter weight and radiscesium retained in litterbags 
show the pattern in which materials were lost from decomposing litter. Initially there was 
a rapid drop in weight. so that by early December (4th week of exposure in the field) 
bagged litter in all plots had dropped to about 85°, of its original weight (Fig. 1). There- 
after weight loss proceeded more slowly, and at significantly different rates for the control 
and heavily treated plots. Bagged litter in control plots lost about 1.1°, (27 mg dry wt) 
of the original weight per week. Bagged litter in the heavily treated plots (100 g of naph- 
thalene) lost about 0.7 °, (18 mg) per week. By the 47th week of exposure, when sampling 
was terminated, the bagged litter in control plots retained about 40°, of its original 
weight; litter from heavily treated plots, about 53% (Fig. 1). Weight retention in plots 
receiving 35 or 10 g of naphthalene was intermediate. 

To test the results statistically, each bag was considered to be a single observation. and 
the rate of weight loss in each bag was estimated by a least squares linear regression 
program. There were four bags per plot, four plots (four treatments) per area. and three 
areas, for a total of 48 litterbags in the weekly sampling regimen. Table 1 shows the mean 
rates of weight loss for each plot-area combination. A two-factor analysis of variance 
showed that the differences between areas were not significantly greater than those 
expected due to chance (P > 0.5). indicating that variation between the three areas was 
no greater than within-plot variation between the plots within an area. Multiple range 


Table 1 Loss of weight by bagged white oak leaf litter during the first vear of decay at various 
application rates of naphthalene. Values are percent original weight lost per week, based 
on four litterbags. 


Naphthalene Application Rate (g/m?) 


100 35 10 n \rea Mean 
\rea 1 0.748 0.813 0.901 0.981 0,961) 
Area 2 0.698 0.831 0.905 1.815 0.030 
Area 3 0.679 0.696 0.879 1.029 0,821 
Grand Mean 0.709 0.780 0.894 1.108 
Standard Error 0.0303 0.0349 0.413 0.0907 


Number of Observations 12 12 11 12 
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Fig. 1. Weekly estimates of weight retention by bagged leaf litter in plots receiving 100 v of 
naphthalene per m? and in control plots. Each point is a mean for three litterbags. 


tests showed highly significant (P > 0.01) reductions in rates of weight loss (Table 1), 
between means for 100 or 35 g of naphthalene versus controls. 

Radioactive cesium loss from the decaying litter was more rapid than weight loss, but 
the rate of loss was not linear. Figure 2 shows loss of 1305 from litterbags in control plots 
and in plots treated with 100 g of naphthalene, plotted on a semilogarithmic scale. The 
measurements were corrected for radioactive decay, so that the exponential nature of the 
slopes in Fig. 2 indicates loss of Cs from the litterbags rather than change т radivactive 
disintegration rate. Cesium was lost more slowly from litterbags in the plots treated with 
naphthalene. At the termination of the experiment, litterbags in control plots retained 
about 7% of the initial amount of Cs (corrected for radioactive decay). whereas litterbags 
in plots receiving 100 g of naphthalene contained about 14%, of the original amount. To 
test the statistical validity of these differences. the loss rate parameter X (Отѕох and 
Crossiry, 1963) was calculated. Loss of radioisotopes from litter can be described by the 
relationship 

Е о kt 


where F is the fraction of radioisotope remaining at time Вох the base of the natural 
logarithms, and / is the loss rate constant. For each litterbag the loss rate constant № was 
estimated by means of a least squares regression program. Averages for К in plots receiving 
0. 10. 35, or 100 g of naphthalene were 4.98. 3.98, 3.52. and 2.95"., per week, respectively, 
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Fig. 2. Retention of Cs by bagged leaf litter, in plots receiving 100 g of naphthalene per m? and 
in control plots. Each point is a mean for three litterbags. 


An analysis of variance confirmed that loss rate constant in plots receiving 100 or 35 g 
naphthalene were significantly lower than the controls, Differences between areas were 
no greater than differences within plots. 

The fifth set of litterbags (1 in each of the 12 plots) was not collected until the termi- 
nation of the experiment. Comparisons with the litterbags sampled on the rotating 4-week 
schedule should indicate the magnitude of any effeets of disturbance or drying experienced 
during the laboratory measurements. Table 2 eompares weight loss and radiocesinm loss 


Table 2. Weight and radiocesium retention after one year by litterbags measured on а 4d-week 
D, E Și ) . r 
rotating schedule and by undisturbed litterbags. 


Naphthalene Application Rate (g/m?) 


100 35 10 D 
Percent initial weight retained 
undisturbed litterbags 60.9 20.0) 40.9 4.3 
litterbags on weekly schedule *) 26.1 51.1 45.5 ил 
Percent initial radiocesium retained 
undisturbed litterbags 14.2 10.7 6.5 5.2 
litterbags on weekly schedula *) 16.9 12.9 9.3 8.8 


*) means of collection for 46th and 47th weeks. 
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by the undisturbed litterbags and those included in the 4-week routine. Estimates of 
weight loss evidently were unaffected by the sampling regimen. Radiocesium content was 
consistently lower in the undisturbed bags possibly as a result of longer exposure to 
leaching. The differences in ‘Cs content were not great. however. and should not affect 
the conclusions. 


3.2. Weights of forest floor materials 


When the field experiment was terminated (mid-October 1962) the total forest floor 
litter in the plots was collected and weighed for comparisons with the litterbag results. 
Newly-fallen (1962) leaves were discarded, as were flowering parts. twigs, and pine needles. 
It proved impossible to distinguish the 1961 litter from the 1960 or older litter, so the latter 
was unavoidably included. Some collections proved to have considerable soil, and to 
remove a possible bias the samples were ashed at 500 °C for 48 hours, and the resulting ash 
weights were substracted from the dry weights. Table 3 shows the combustible weights 
thus obtained. Weights of forest floor litter confirm the results of the litterbag measure- 
ments, in that a greater amount of litter was found in the plots receiving naphthalene 
application rates of 100 g or 35 g. Area 1 had more forest floor litter regardless of naph- 
thalene application, probably as a result of denser leaf fall in that area. Rates of litter 
breakdown (as measured with litterbags) were not different for the three areas. however. 


Table 3 Combustible forest floor materials (g/m?) remaining after ene year in contro! plots and 
aa treated with various naphthalene applications i in a white oak stand at Oak Ridge. 


‘Tennessee. 
Rate of Naphthalene Area Area Area Mean 
Application (g/m?) 1 2 3 
100 632 410 568 535.0 
35 598 334 476 466.8 
10 460 241 284 328.3 
0 458 264 223 315.0 
Mean 584.8 312.2 386.5 


3.3. Arthropod population estimates with litterbags 


Tullgred funnel extractions of arthropods from the litterbags showed that naphthalene 
applications of 35 and 100 g рег m? produced significant (P < 0.01) reductions in litter 
arthropod populations. Figure 3 illustrates the average number of arthropods per litterbag 
per month, in plots receiving 100 © of naphthalene and in control plots. Arthropod numbers 
in the treated plots were always lower than in controls and over the entire vear averaged 
19.50%% of the controls. The most effective reduction occurred in fall and early winter 
(9.4%, of controls) following the initial application of naphthalene. Lowest numbers were 
found in summer (less than 10 per bag) when naphthalene was applied at weekly intervals. 
but populations in the control plots were low also. 

It was not feasible to perform an analysis of the samples by individual species. but 
general observations were made on the groups of arthropods invading the litterbags. 
Throughout the year the collembola and Tydeus mites showed the most pronounced 
response to naphthalene. The high numbers of arthropods observed in the control plots 
during November- May were due to collembolans and mites. Samples during April and 
May revealed a varied fauna including Coleoptera, Diptera, Protura. Psocoptera, Araneae. 
and others, but the difference between control plots and treated ones was primarily in 
numbers of mites and Collembolans. In July and August adult dipterans of several families 
became numerous and were more abundant in control plots than in treated ones. In 
September mite and Collembolan populations began to increase in control plots. 


ORNL-DWG 65-8220 


250 Г 
O NO NAPHTHALENE 
200 № 100 g NAPHTHALENE PER тё 
150 - 


100 


MEAN NO. ARTHROPODS/SAMPLE 


50 NO 
ae И L |] 
fo] 18 Em | L 
Å Е O < A 
Ке O $ КУ) х8 © 


Fig. 3. Reductions in arthropod populations follewing applications of 100 g of naphthalene per m?. 
Each sample consists of a dm? litterbag extracted on a Tullgren funnel. Each mean based оп 
15—20 litterbags. 


3.4. Direct microbial estimates in soil 


Although naphthalene was applied on the surface of the litter layer, both direct and 
indirect effects on the soil microbial populations might be produced. However. direct 
estimates of bacteria and fungi showed no significant differences (P > 0.10) between 
control plots and those receiving 100 g of naphthalene (Fig. +). There appears to have 
been a tendency towards lower bacterial and fungal densities in the O 2.5 em depths in 
plots receiving 100 g of naphthalene than in controls. Densities and fluctuations of both 


bacterial and fungal populations in all plots were lower at 2.5 5 cm depth than in the 
top 2.4 cm. At 2.5—5 em there was a tendency for the funga! populations especially to 
increase throughout the year. 


3.5. Direct microbial estimates on litter 


Direct microscopic estimates of mycelium length on leaf dises from plots with 100 g 
of naphthalene and from controls were not significantly different (P 0.9) (lig. 5). 
Correlation between biweekly measurements for the two treatments was not significant 
(P 0.10). There was a gradual increase in mycelium density during the vear. Less than 
Ти, of the mycelium was nonseptate and about 11°, was in the shape of thick-walled 
clusters. These percentages were similar for plots with and without naphthalene. 

From the beginning of the experiment until mid-March. direct counts of bacteria in 
plots with LOO g of naphthalene were from 2 to 3 times higher than in control plots. By the 
end of April, counts in the treated plots reached-their maxima and were more than 6 times 
higher than in the controls. Subsequent decline in treated plots and continued increase of 
bacterial density in controls resulted in about equal densities by July. after which the 
population in both types of plots fluctuated around 107 cells/em?. 

Practically all the bacteria were either round or rod-shaped. In all plots the annual 
mean for rods was 9 times higher than for round bacteria. Colonies were loose and small, 
usually with less than 10 cells. 
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Fig. 4. Density of bacteria and fungi in soil from 0—2.5 and 2.5- 5 em depth in control plots and 
plots receiving 100 g of naphthalene рег m?, from leafdrop 1961 to leafdrop 1962. 
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3.6. Estimates of ovolution of CO, by litter and soil 


Measurements of CO, evolution from plots receiving 10, 35 or 100 g of naphthalene and 
control plots did not differ (P < 0.30) and paralleled each other closely from week to 
week. Rates of evolution were significantly (Р < 0.05) correlated with temperatures, but 
no relation could be shown to any of the microbial measurements mentioned above. 


4. Discussion 

The experimental results indicate that the design employed was successful in demon- 
strating a gross effect of the soil arthropod community on its energy base. Application of 
naphthalene at high rates (100 g рег m?) slowed the breakdown processes in decaying 
leaf litter to the extent that rates of weight loss and radiocesium loss were markedly 
reduced. These two effects were demonstrated by sequential measurements throughout 
the year. By the end of one vear. differences were easily demonstrated for total forest floor 
litter in treated and control plots. Naphthalene applications had the desired effect of 
reducing the arthropod populations (by about 80% overall). 

The highly significant increase in bacterial densities on the litter after application of 
naphthalene is presumably a result of the killing of the arthropods. As a result. easily 
decomposable food became available and with increasing temperatures in spring was uti- 
lized at increasing rates. Presumably by summer this supply, which in particular is utilized 
by bacteria, was greatly reduced (Fig. 3) and densities dropped to those on the control 
litter. Direct microscopic evaluation of microbial densities of dises of intact leaves of course 
does not show the enhancement of microbial densities on leaf fragments resulting from 
ecomminution by arthropods (vax рек Овтет and Wirkamp, 1960). 


300 


ORNL-DWG 66-2188 


27 s 
| | Ч 
| 1 
ag а ыы \ | 2 | 2 
--—--- NO NAPHTHALENE 
—*— 100g NAPHTHALENE 
21 | РЕВ т? 
Se 18 | Г 
| 
> | | 
о | 
= № | S 
а | 
ш Fi 
| г 
a | 
9 t даі 
е ‘ / 
6 4 4 Е 
| и 15 Se 
af рае at 10 eo 
—- 9 | 
ET 2% а, 2 
Bg Spek мече. on 5 
Sf VO ONE g 
о* = - - — ов 
4 4 8 12 16 20 


TIME (weeks) 


Fig. 5. Densities of bacteria and fungi on leaves of white oak during the first year of decay in 
control plots and plots receiving 100 g of naphthalene per m?. 


Naphthalene application did not appear to affect the microflora of the subsoil with the 
possible exception of the tendency to reduce bacterial and fungal densities in the top 2.5 cm. 
This reduction then might be a result of lower influx of leaf fragments and related leachate. 

Identical rates of CO, evolution from plots with and without naphthalene may 
emphasize the large influence of the CO, reservoir of the subsoil on results of the inverted 
box method; and of loss of weight through fragmentation and subsequent transportation 
to deeper layers rather than through microbial breakdown which would result in CO, 
evolution. On the other hand CO, evolving from the decay of killed arthropods in plots 
with naphthalene could equal CO, evolution from arthropod and related microbial break- 
down in the control plots. 

Presumably the reduction in arthropods populations and consequent reductions in 
feeding, fragmentation and comminution was the direct cause for reductions in rate of 
weight loss. Loss rates for cesium (and, possibly, for similar minerals) were less reduced 
than were loss rates for dry matter alone, Litterbags. when first placed in the field plots. 
contained an average of 54.0 millimicrocuries "Cs per g dry wt. At the time of final 
collections one year later, bags in control plots contained 7.22 тие per g; those in plots 
receiving 100 g of naphthalene, 4.27 mye рег g. Changes in "Cs concentration would oeeur 
due to losses in weight and leaching of cesium. If leaching were the same in all plots, then 
10s concentrations in litterbags at the end of one year should be proportional to changes 
due to weight losses which were 60%, and 47%, for control plots and for plots receiving 
100 g of naphthalene respectively (see Fig. 1). Corresponding losses of 1205 were 47 and 
50 mue/g respectively. It appears that naphthalene had less effect on leaching of Cs than 
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Fig. б. Rates of CO, evolution from the forest floor from leafdrop 1961 until leafdrop 1962 in 
control plots and plots receiving 100 = naphthalene per тг. 


on loss of weight. The arthropods in fragmenting the leaf litter probably expose a greater 
surface area to the leaching effects of moisture. Most of the Cs loss occurred soon after 
litter was exposed in the field. For minerals which are lost more slowly from decaying 
litter, calcium for example, arthropod activities might exert more influence on rates. 

Recently, Epwarps (1965) compared effects of DDT and aldrin on rates of decomposi- 
tion of oak leaf litter. He buried oak leaf dises (contained in nylon mesh bags) in soils 
treated with small amounts (4-7 kg/ha) of insecticide. Bimonthly decay was estimated 
visually or photometrically as percentage disappearance of leaf area. In aldrin-treated soil. 
disappearance was much slower than in controls, which corresponds with the findings 
reported here. In DDT-treated хой. leaf dises decayed more rapidly than in controls, 
evidently due to increased Collembola populations following treatment with DDT. In- 
crease in collembola populations following DDT applications to soil has been reported by 
others, and Epwarps’ evidence of more rapid decomposition rates in these circumstances 
confirms the hypothesis that gross effects of soil arthropods on leaf litter breakdown are 
readily demonstrable. 

Кекскул (1964) used naphthalene applications in an experiment with Quercus robur 
leaf litter. In the presence of arthropods she found three to six times more loss of weight 
during the first year of decomposition than in the absence of arthropods. In dry years this 
difference was less than in moist years indicating stronger inhibition of arthropod activity 
than of microbial activity by drought. Differences between our results and Кевекул 
may be due to (1) the use of different oak species, (2) the use of litter confined in bags 
versus unconfined litter. and (3) the use of 2 to З times more naphthalene per m? by 
KurCrvA than by us. 
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In summary, our results show that reduction of arthropod numbers by 82°, and 
arthropod mass by a considerably lower percent results in а 36°, reduction in the rate of 
weight loss and а 40% reduction in the rate of loss of Cs by bagged white oak litter 
during the first year of decay. The microflora of litter and soil was not significantly 
affected with the exceptions of high bacterial densities on the leaves during the first half 
year, and a tendency to lower fungal and bacterial densities in the top 2.5 em of the soil. 
Evolution of CO, from litter plus soil was not affected. 

These results may also give an indication of the effects of insults which inhibit arthro- 
pod activity more strongly than activity of the microflora. Such insults may result from 
cultural practices (clear cutting), selective poisons (insecticides), and ionizing radiation 
(fallout) to which insects are much more sensitive than are microorganisms. 
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